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(54) [Title of the Invention] 

Window Foil for Electron Beam Irradiation Device and Electron Beam Irradiation 

Device 

(57) [Abstract] 

[Objective] To offer an electron beam irradiation device, provided with window foil that 
does not undergo degradation due to defects or abrasion. 

[Means] A window foil for irradiation windows, which comprises aluminum alloy foil, a 
titanium film covering said aluminum alloy foil, and a hard coating covering said . 
titanium film. 

[Claims] 

[Claim 1] A window foil used in irradiation windows for electron beam irradiation 
devices, which comprises aluminum alloy foil, a tita nium film covering said aluminum 
alloy foil, and a hard coating covering said titanium film. 

[Claim 2] An electron beam irradiation device, equipped with an electron beam generator 
that outputs thermal electrons emitted from a negative electrode in the form of an electron 
beam, and accelerates said electron beam, an irradiation window whereby a material to be 
treated is irradiated with said electron beam, and a window foil that outputs said electron 
beam and separates the vacuum atmosphere inside said electron beam generator from the 
irradiation atmosphere in said irradiation chamber, where said electron beam irradiation 
device is characterized in that said window foil comprises an aluminum alloy foil, a 
titanium film covering at least the surface of said aluminum alloy film on the side of said 
irradiation chamber, and a hard coating that covers said titanium film. 

[Detailed description of the invention] 
[0001] 

[Technological field of the invention] The present invention relates to an electron beam 
irradiation device used for surface treatment, and in particular, relates to window foil used 
in electron beam irradiation devices for curing or immediately drying ink, or for 



sterilizing surfaces, and an electron beam irradiation device that employs said window 

foil. 

[0002] 

[Prior art] Surface treatments for sterilizing surfaces or curing and rapidly drying inks 
have been carried out in recent years using ultraviolet light or electron beams. However, 
methods that employ ultraviolet light require the addition of photopolymerization 
initiators, and in addition, ultraviolet light has weak transmissive power, which has lead 
to problems with insufficient treatment inside opaque materials such as colored dyes. It is 
for this reason that low-energy electron beams are primarily used in these types of surface 
treatments. 

[0003] With conventional low-energy electron irradiation devices, thermal electrons that 
are emitted from a linear filament are generated as an electron beam, and this electron 
beam is then accelerated in an evacuated space inside an acceleration tube. The beam 
then passes into an irradiation chamber via an irradiation window, and impinges upon the 
material to be treated that is transported through the irradiation chamber. The intended 
treatment is thereby performed. The irradiation window has a window foil that separates 
the vacuum atmosphere in the acceleration tube from the irradiation atmosphere in the 
irradiation chamber. The material used for the window foil is a metal such as titanium 
ftuHia^ or aluminum foil having a thickness of 1 0 (am that 

has no pin holes and has mechanical strength that can sufficiently maintain the vacuum 
atmosphere in the acceleration tube. Titanium foil with a thickness of about 12.7 jam is 
most frequently used as window foil because it is easy to handle from a mechanical 
standpoint. 

[0004] An example of the schematic structure of the electron beam irradiation device is 
presented in Figure 1 . This electron beam irradiation device is a low-energy device, and 
is equipped with an electron beam generator 10, irradiation window 20 and irradiation 
window 30. The electron beam generator 10 has a terminal 12 for electron beam 
generation and an acceleration tube 14 that accelerates the electron beam generated by the 
terminal 12 through the evacuated space (acceleration zone). The interior of the electron 
beam generator 10 is maintained at a vacuum of 10* to 10' Torr by a diffusion pump not 
shown in the figures in order to avoid loss of energy due to collisions between the 
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electrons and air molecules. The terminal 12 has a linear filament 12a that emits thermal 
electrons, a gun structure 12b that supports the filament, and a grid 12c that controls the 
thermal electrons emitted by the filament. 

[0005] The irradiation window 20 includes [sic] an irradiation space 22 that allows the 
electron beam to irradiate the material to be treated. In this example, the irradiation space 
22 on the inside of the irradiation chamber 20 is an air atmosphere. The material to be 
treated passes from the right to the left through the irradiation space 22 in Figure 1 by 
means of a transport means such as a conveyor not shown in the figure. The irradiation 
window 30 has a window foil 32 composed of metal foil, and a window frame structure 
34 that supports the window foil 32 while also cooling it. The window foil 32 separates 
the vacuum atmosphere in the electron beam generator 10 from the air atmosphere in the 
irradiation space 22, and in addition, allows emission of the electron beam into the 
irradiation chamber via the window foil 32. It is preferable for the window foil 32 
provided between the electron beam generator 10 and the irradiation chamber 20 to be a 
metal that has mechanical strength sufficient to allow maintenance of the vacuum 
atmosphere in the electron beam generator 10, while also having sufficiently small 
specific gravity and sufficiently small thickness to facilitate passage of the electron beam. 
[0006] With this type of low-energy electron beam generation device, the acceleration 
voltage of the electron beams is small, approximately 150 kV, and so most of the electron 
beam is absorbed by the window foil. Consequently, in order to reduce absorption by the 
window foil, it is desirable to use aluminum as the material for the window foil, because 
it has lower density than titanium. However, aluminum readily corrodes due to reactive 
gases such as ozone generated by the electron beam, and so the surface can be coated, for 
example, with titanium at a thickness of 0.2-1.0 jam, as with the electron beam irradiation 
device presented in Japanese Unexamined Patent Application No. Hei 7[1995]-20294. 
[0007] 

[Problems to be solved by the invention] • However, foil windows produced by coating 
titanium at 0.2-1 .0 jim onto the surface of aluminum foil, as described in Japanese 
Unexamined Patent Application No. Hei 7[1995]-20 2 94 5 often incorporate defects into 
the titanium layer due to contact with the titanium coating film during handling. In 
addition, the window foil is held in a window frame structure of the type shown in Figure 
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1 during ordinary use. As a result, warping of the window foil occurs during evacuation 
of the interior of the device or release of the vacuum, which causes abrasion of the parts 
in contact with the window frame structure. Consequently, there have been problems 
with degradation in the defective or abraded regions, and so the present invention has the 
objective of offering an electron beam irradiation device having window foil that 
undergoes no degradation due to defects or abrasion. 
[0008] 

[Means for solving the problems] The present invention offers an irradiation window foil 
for electron beam irradiation devices, which comprises (an aluminum alloy foil, a titanium 
film covering said aluminum alloy foil, and a hard coating covering said titanium filrr^L In 
addition, the present invention offers an electron beam irradiation device, equipped with 
an electron beam generator that outputs thermal electrons emitted from a negative 
electrode in the form of an electron beam, and accelerates said electron beam, an 
irradiation window whereby a material to be treated is irradiated with said electron beam, - 
and a window foil that outputs said electron beam and separates the vacuum atmosphere 
inside said electron beam generator from the irradiation atmosphere in said irradiation 
chamber, where said electron beam irradiation device is characterized in that said window 
foil comprises an aluminum alloy foil, a titanium film covering at least the surface of said 
aluminum alloy film on the side of said irradiation chamber, and a hard coating that 
covers said titanium film. By means of the present invention, an electron beam 
irradiation device is offered, which is equipped with window foil that does not undergo 
degradation due to defects caused during handling or due to abrasion. 
[0009] 

[Mode of implementation of the invention] The constitution of the window foil in the 
electron beam irradiation device of the present invention comprises an aluminum alloy 
foil, a titanium film covering said aluminum alloy foil, and a hard coating covering said 
tit£uiium film. + It js preferable for the metal fpiUo be an aluminum alloy foil with a 
thickness of 5-20 (am, and for the surface of the irradiation chamber side of the aluminum 
alloy foil to be covered with titanium having a thickness of 0.03 jim or greater, with 0.05 
|im or greater being preferred. It is also preferable for said titanium surface to be covered 



with a hard coating having a thickness of 0.03 ^im or greater, with 0.05 jxm or greater 
being preferred. 

[0010] The aluminum alloy foil preferably has a thickness of 5-20 jam. The thickness is 
5 |im or greater because, at smaller thicknesses, it is difficult to produce a structure that 
will have no pinholes, as required for maintaining the vacuum. If the thickness is greater 
than 20 |im, the amount of electron beam energy absorbed by the window foil will 
increase, and the advantage of switching from a titanium foil to an aluminum alloy foil 
will be lost. Moreover, it is preferable for the thickness of the aluminum alloy foil to be 
10-15 ^im. Aluminum alloys that can be used include pure aluminum systems, Al-Cu 
systems, Al-Mn systems, Al-Si systems, Al-Mg systems, Al-Mg 2 Si systems, Al-Zn 
systems and various other alloys. It is particularly desirable to use Al-Cu systems and Al- 
Mg systems due to their superior tensile strength. 

[001 1 ] In order to maintain high electron beam transmissivity and in order to prevent 
corrosion, it is necessary to apply titanium to the irradiation chamber side of the 
aluminum alloy foil. This titanium coating preferably has a thickness of 0.03 (im or 
greater in order to provide sufficient binding strength, with 0.05 \im or greater being - 
preferred. A material composed of common pure titanium can be used for the titanium 
coating. In addition, it is necessary for the outermost surface of the titanium film to be 
covered with a hard coating in order to endow the outermost surface with abrasion 
resistance and sufficient hardness so as to prevent introduction of defects. The thickness 
of the hard coating is preferably 0.03 (am, with 0.05 ^m or greater being preferred. 
[0012] The total film thickness of the titanium layer and hard coating layer is preferably 
0.1-1 |j,m. If the total film thickness of the titanium layer and hard coating layer is less 
than 0,1 |im, then the corrosion-resistance effects will be insufficient. If the thickness is 
greater than 1 |im, on the other hand, there is the possibility that the aluminum alloy film 
will curl excessively due to residual strain in the coating, leading to where the material is 
difficult to handle during attachment to the irradiation window. If the hard coating is 
applied directly to the aluminum foil, the binding force will be small, and the coating will 
readily peel. A preferred combination of respective film thicknesses for the titanium 
layer and hard coating layer is 0.03-1 ^im for the titanium layer and 0.03-1 pm for the 
hard coating layer, with a preferred combination being 0.05-0.5 ^im for the titanium layer 
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and 0.05-0.5 [im for the hard coating layer. Examples of substances that can be used for 
the hard coating material include TiN, TiC, TiCN, Ti0 2 , A1 2 0 3 , AlTiN, A1N 5 CrN, Cr 2 0 3 , 
diamond, diamond-like carbon, Si0 2 , SiC, SiN, CBN and mixtures of these substances. 
Among these substances, titanium nitride (TiN) is preferred because it can be formed 
comparatively easily in the same process as titanium coating by means of vapor 
deposition, ion plating or reactive sputtering. 

[0013] Vapor deposition of the titanium and the hard coating can be carried out by 
various methods, including vapor deposition, ion plating, sputtering and CVD. For 
example, Figure 2 presents a schematic diagram of a vacuum vapor deposition device that 
can be used in the manufacture of the window foil of the present invention. The 
evacuation vessel 41 having a diffusion pump 42 and rotary pump 43 is evacuated to an 
internal pressure of 10" 5 Torr or below using the pumps 42 and 43. A titanium 
evaporation crucible 44 containing titanium, a hollow cathode electron gun 45, a shutter 
46, a vapor deposition roll 47, a feed roll and winding roll 48, and a quartz oscillator 
film-thickness gage 49 are arranged in the vacuum container 41. In this device, the 
electron beam 50 from the- electron gun 45 irradiates the titanium inside the titanium 
evaporation crucible 44 in an argon atmosphere at an evacuation level of about 1 x 1 0 A 
Torr, and the heat of the electron beam thus heats and evaporates the titanium. The 
evaporated titanium is then partially ionized in the electron beam, and is accelerated due 
to the potential differential with respect to the vapor deposition roll, so that it is vapor 
deposited onto the aluminum alloy film base 51. The vapor deposition film thickness can 
be determined by means of the film formation rate and the aluminum alloy foil base 
transport rate, and is measured by the quartz oscillator film-thickness gage 49. 
[0014] When titanium nitride is used as the hard coating, it can be formed in the same 
process as titanium coating. Specifically, nitrogen gas is introduced during titanium film 
formation, and titanium nitride is thus generated, so that a coating of this titanium nitride 
as formed on the surface of the -titanium. At this time,-the amount of introduced nitrogen 
gas can be gradually increased, so that a layer that varies continuously from titanium to 
titanium nitride can be formed starting from the surface of the aluminum alloy foil and 
extending to the surface on the side of the irradiation chamber. Moreover, a gradient 
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composition layer can also be formed between the titanium and titanium nitride, or the 

titanium and titanium nitride can be formed as two individual layers. 

[0015] 

[Working examples] Working examples are provided below in order to describe the 
present invention in additional detail, but these examples are not intended to limit the 
scope of the present invention. In the working examples, titanhim mtride^a^used as the 
hard coating, but in addition to titanium nitride, it is of course possible to use a broad 
raQr^matena^ 



V 



[0016] In Conventional Examples 1 and 2, the window film was composed of titanium 
foil having a thickness of 12.7 (am, and aluminum alloy foil having a thickness of 12.7 
|im (alloy type: Al-Mg alloy 5052). In Conventional Examples 3-7, titanium was applied 
at thicknesses of 0.05 jam, 0.1 jam, 0.2 (im, 1 ^m and 2 ^m to the irradiation chamber side 
of an aluminum alloy foil having a thickness of 12.7 (am. 

[0017] Coating of the titanium in Conventional Examples 3-7 was carried out by vacuum i 
vapor deposition using the device of the type shown in Figure 2. With the window foils 
of Conventional Examples 1-7, investigations were carried out regarding electron beam 
transmissivity and the presence of corrosion after a 50 h irradiation test. The results are 
shown in Table 1. 
[0018] 
[Table 1] 





Window foil 


Electron beam 
transmissivity 


Corrosion after 50 h 


Conventional Example 1 


Titanium foil 12.7 urn r ~ 


90% 


None 


Conventional Example 2 


Aluminum alloy foil 12.7 
jim 1 


94% 


Extensive 


Conventional Example 3 


Aluminum alloy foil 12.7 
urn 1 + titanium 0.05 urn 1 


94% 


Slight 


Conventional Example 4 


Aluminum alloy foil 12.7 
urn 1 + titanium 0. 1 urn 1 


94% 


Slight corrosion in some 
areas 


Conventional Example 5 


Aluminum alloy foil 12.7 
|W + titanium.O.^m 1 , •> 


94% 


None 


Conventional Example 6 


Aluminum alloy foil 12.7 
urn* + titanium 1 urn 1 


94% 


Slight corrosion in some 
areas 


Conventional Example 7 


Aluminum alloy foil 12.7 
um 1 + titanium 2 urn 1 







[0019] From Table 1, it is clear that the electron beam transmission amount increases 
when the window foil base material is changed from titanium foil to aluminum alloy foil, 
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allowing greater x-ray utilization. On the other hand, with the aluminum alloy foil, there 
were problems with corrosion due to ozone generated by the electron beam. With 
Conventional Examples 3-6 wherein a titanium film with a thickness of 0.05-1 \im was 
applied to the surface, corrosion was essentially eliminated, and good corrosion resistance 
was exhibited. In Conventional Examples 3-6, damage was observed in regions of the 
titanium films, which was conjectured to have resulted from handling during attachment 
of the material to the illumination window. Slight corrosion was observed in the 
damaged regions. It is thought that this damage was due to the insufficient hardness of 
the titanium film, and thus it was concluded that a thickness of 2 jam or below results in a 
film that is readily damaged. However, when a titanium film that is thicker than 1 ^m is 
applied, the film becomes difficult to handle, as described in Japanese Unexamined 
Kokai Patent Application No. Hei 7[1995]-20294. In Conventional Example 7 wherein 
titanium was applied at a thickness of 2 (im, curling of the aluminum alloy foil was 
excessive due to residual strain in the titanium film, resulting in problems with handling, 
and the material could not be used. 

[0020] The above results indicate that when aluminum alloy foil was used as window 
foil base material, and a titanium film was applied to its surface at a thickness of 0.05-1 
|im, electron beam transmission increased and corrosion was inhibited. However, 
corrosion occurred in damaged regions with this type of titanium film coating. 
Consequently, titanium films were then applied to aluminum alloy films with thicknesses 
of 12.7 |im, where the titanium films were applied at 0.05 p,m in Working Examples 1-3, 
0.1 \xm in Working Examples 4-5, 0.5 (im in Working Examples 6-8 and 1.0 pm in 
Working Examples 9-10. Moreover, the t itanium films were also coated w ith titanium 
nitride fil m at a thickness of 0.05 \im in Working Examples 1, 6 and 9, 0.1 nm in 
Working Examples 4 and 10, 0.5 urn in Working Examples 2 and 7, and 1.0 jum in 
Working Examples 3, 5 and 8. The film formation method involved the use of the same 
vacuum ,yapor. deposition method, as in the conventional examples. After forming the . 
titanium film at the prescribed thickness, the gas introduced into the hollow cathode 
electron gun was changed to nitrogen, so that the evaporated titanium would react with 
the nitrogen gas in the atmosphere, thus generating titanium nitride. By this means a 
titanium nitride coating was formed on the base material. 
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[0021] On the other hand, aluminum alloy foil with a thickness of 12.7 \im was coated 
with titanium nitride film at a thickness of 0.05 ^m and 0.1 jam, thus producing 
Comparative Examples 1 and 2. The window foils of Conventional Example 2 5 Working 
Examples 1-10 and Comparative Examples 1-2 were evaluated in regard to electron beam 
transmission, the presence of corrosion after a 50 h irradiation test and the presence of 



surface damage. The results are shown in Table 2. 

[0022] 

[Table 2] 





Window foil 


Electron beam 
transmissivity 


Corrosion after 
50 h 


Surface 
damage 


Conventional Example 2 


Aluminum alloy foil 12.7 urn 1 


94% 


Extensive 




Working Example 1 


Aluminum alloy foil 12.7 \im x + titanium film 
0.05 urn* + titanium nitride film 0.05 urn 1 


94% 


None 


None 


Working Example 2 


Aluminum alloy foil 12.7 urn 1 + titanium film 
0.05 urn 1 + titanium nitride film 0.5 urn 1 


94% 


None 


None 


Working Example 3 


Aluminum alloy foil 12.7 um' + titanium film 
0.05 urn 1 + titanium nitride film 1 .0 um ! 


94% 


None 


None 


Working Example 4 


Aluminum alloy foil 12.7 urn 1 + titanium film 
0. 1 uW + titanium nitride film 0. 1 um* 


94% 


None 


None 


Working Example 5 


Aluminum alloy foil 12.7 um 1 + titanium film 
0.1 urn* + titanium nitride film 1.0 urn 1 


94% 


None 


None 


Working Example 6 


Aluminum alloy foil 12.7 urn 1 + titanium film 
0.5 jam' + titanium nitride film 0.05 urn 1 


94% 


None 


None 


Working Example 7 


Aluminum alloy foil 12.7 urn 1 + titanium film 
0.5 urn 1 + titanium nitride film 0.5 urn 1 


94% 


None 


None 


Working Example 8 


Aluminum alloy foil 12.7 u.m t + titanium film 
0.5 urn* + titanium nitride film 1.0 urn 1 


93% 






Working Example 9 


Aluminum alloy foil 12.7 um ! + titanium film 
1.0 urn 1 + titanium nitride film 0.05 um' 


94% 


None 


None 


Working Example 1 0 


Aluminum alloy foil 12.7 um 1 + titanium film 
1 .0 um 1 + titanium nitride film 0.1 urn' 


94% 


None 


None 


Comparative Example 1 


Aluminum alloy foil 12.7 urn 1 + titanium nitride 
film 0.05 um 1 


94% 


Extensive 


None 


Comparative Example 2 


Aluminum alloy foil 12.7 unV + titanium nitride 
film 0.1 urn* 


94% 


Extensive 


None 



[0023] The window foils of Conventional Example 2 and Comparative Examples 1-2 
showed extensive corrosion. With Comparative Examples 1-2 where titanium nitride 
alone was coated onto the aluminum alloy foil, binding with the titanium nitride film was 
particularly inferior, leading to separation of the titanium nitride film and ingress of 
ozone at the interface, which resulted in corrosion in these areas. In Working Example 1- 
10; the titanium film was applied at a thickness of 0 . 05 >m"br greater to the surface of the 
aluminum alloy films, and moreover, titanium nitride was applied to this surface at a 
thickness of 0.05 |im or greater. By this means, corrosion was prevented, while 
maintaining high electron beam transmissivity. In Working Examples 3, 5, 8 and 10 
wherein the total thickness of the titanium film and titanium nitride film was greater than 
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1 pm, the aluminum alloy film curled, making it difficult to attach the material to the 
irradiation window. Thus, in consideration of the irradiation window attachment 
operation, it is preferable for the total thickness of the titanium film and titanium nitride 
film to be 0.1-1 |im, which is the range which the aluminum alloy foil does not curl. 
[0024] 

[Effect of the invention] As is clear from the description presented above, the present 
invention controls introduction of surface defects, and offers an electron beam irradiation 
device having window foil that does not easily corrode, by means of employing an 
aluminum alloy film as the metal foil, coating said aluminum alloy foil with titanium, and 
then coating said titanium layer with a hard coating. In addition, the electron beam 
irradiation device of the present invention provides good electron beam transmission, 
resulting in little loss of the electron beam, while also allowing the electron beam to be 
efficiently introduced into the irradiation chamber. 

[Brief description of the figures] 

[Figure 1] Schematic diagram of an electron beam irradiation device used in the past. 

[Figure 2] Model diagram of a device for vacuum vapor deposition that can be used in 
the manufacture of the window foil of the present invention. 



[Key] 




10 


Electron beam generator 


12 


Terminal 


12a 


Filament 


12b 


Gun structure body 


12c 


Grid 


14 


Acceleration tube 


20 


Irradiation chamber 


22 


Irradiation space 


30 


Irradiation window 


34 


Window frame structure 


41 


Evacuation vessel 


42 


Diffusion pump 


43 • ■ . 


Rotary pump ... . .-. 


44 


Titanium evaporation crucible 


45 


Hollow cathode electron gun 


46 


Shutter 


47 


Vapor deposition roll 


48 


Feed/winding roll 


49 


Quartz oscillator film thickness gage 


50 


Electron beam 



5 1 Aluminum alloy foil base 




1 0 Electron beam generator 

12 Terminal 

12a Filament 

1 2b Gun structure body 

12c Grid 

14 Acceleration tube 

20 Irradiation chamber 

22 Irradiation space 

30 Irradiation window 

32 Window foil 

34 Window frame structure 



1 




4£ 



-jj- 



41 Evacuation vessel 

42 Diffusion pump 

43 Rotary pump 

44 Titanium evaporation crucible 

45 Hollow cathode electron gun 

46 Shutter 




47 Vapor deposition roll 

48 Feed/winding roll 

49 Quartz oscillator film thickness gage 

50 Electron beam 

5 1 Aluminum alloy foil base 



CLIPPEDIMAGE= JP41 1052098A 



PAT-NO: JP411052098A 
DOCUMENT-IDENTIFIER: JP 11 052098 A 

TITLE: ELECTRON BEAM IRRADIATOR AND WINDOW FOIL FOR IT 
PUBN-DATE: February 26, 1999 

INVENTOR-INFORMATION: 

NAME 

NAKANO, YOJI 
KOBAYASHI, TOSHIRO 
WAKAMOTO, IKUO 
URANO, SUSUMU 
KOUNO, MASAKI 

ASSIGNEE-INFORMATION: 

NAME COUNTRY 

MITSUBISHI HEAVY IND LTD N/A 

APPL-NO: JP092 14632 

APPL-DATE: August 8, 1997 

INT-CL (IPC): G21K005/00;G21K005/04 ;H01J033/04 
ABSTRACT: 

PROBLEM TO BE SOLVED: To obtain a corrosion-proof window foil by using an 
aluminum-alloy foil as a metal foil and using what is formed by further coating 
a titanium layer coating the alloy foil with a hard coating as a window foil. 

SOLUTION: This device is equipped with an electron beam generating section 10 
that extracts thermions emitted from a cathode as an electron beam and 
accelerates it, an irradiation chamber 20 where an object is irradiated with 
the electron beam and a window foil 32 that is used as a partition between a 
vacuum atmosphere in the electron beam generating section 10 and an irradiated 
atmosphere in the irradiation chamber 9 and extracts the electron beam. The 
window foil 32 is constituted by containing an aluminum-alloy foil, a titanium 
film for coating the surface of the aluminum-alloy foil on the side of the 
irradiation chamber and hard coatings for coating the titanium film. 
Consequently, the window foil 32 is obtained that has high electron beam 
transmissivity and is free from the occurrence of flaws in handling or the 
corrosion due to abrasion. 

COPYRIGHT: (C)1999,JPO 



01/28/2003, EAST version: 1.03.0002 



EUROPEAN PATENT OFFICE 

Patent Abstracts of Japan 



PUBLICATION NUMBER 
PUBLICATION DATE 

APPLICATION DATE 
APPLICATION NUMBER 



11052098 
26-02-99 

08-08-97 
09214632 



APPLICANT : MITSUBISHI HEAVY IND LTD; 
INVENTOR : KOUNO MASAKI; 

: G21K 5/00 G21K 5/04 H01J 33/04 



INT.CL. 
TITLE 



ELECTRON BEAM IRRADIATOR AND 
WINDOW FOIL FOR IT 




IZa^Y7^>h 



I2b 



^20JB*f* 



^22flBtt£M 



ABSTRACT : PROBLEM TO BE SOLVED: To obtain a corrosion-proof window foil by using an 

aluminum-alloy foil as a metal foil and using what is formed by further coating a titanium 
layer coating the alloy foil with a hard coating as a window foil. 

SOLUTION: This device is equipped with an electron beam generating section 10 that 
extracts thermions emitted from a cathode as an electron beam and accelerates it, an 
irradiation chamber 20 where an object is irradiated with the electron beam and a window 
foil 32 that is used as a partition between a vacuum atmosphere in the electron beam 
generating section 10 and an irradiated atmosphere in the irradiation chamber 9 and 
extracts the electron beam. The window foil 32 is constituted by containing an 
aluminum-alloy foil, a titanium film for coating the surface of the aluminum-alloy foil on the 
side of the irradiation chamber and hard coatings for coating the titanium film. 
Consequently, the window foil 32 is obtained that has high electron beam transmissivity 
and is free from the occurrence of flaws in handling or the corrosion due to abrasion. 

COPYRIGHT: (C)1999,JPO 



09) n*mmif up) 



< 12 > ^Ull^^i (a) 



#H¥H -52098 

(43)&HB ¥£11^(1999) 2 JJ26B 



(51)Inta B IKWIB^ F I 

G2 1K 5/00 G2 1K 5/00 W 

5/04 5/04 E 

H01J 33/04 HOI J 33/04 



»*BCOS2 OL (46® 



(2DUB»^ 
(22)fflKB 



ft§H z 9-214632 
¥j«9¥(1997)8fl8B 



(7DWKA 000006208 

JKSCS^HKftroftriTB 5 # 1 # 
<72)S8W£ fiF KJ& 

C72)?HH# «tc «* 

(74)ftfflA #B± *UJ fill (*2*) 



(54) BSWOfcfW «T«J«9tKBfflSSmXC;*T»»StKS 




(2) 

1 

wmtttLx-Kh. rn'mmmmiza^mMm 
mm. 

tzftmtmzwxmzmtii-tteibvmtzffi 10 
z.&n : mMmmx't>~>x . iBSBwrjps-^A* 

[0001] 

tizn^mmimm. mzi >?omkxitwmna& 
zmmnzmm z tihmFmmmmizmm £*u> m& 
mmm&zim uzm^msmwizmtz . 20 

[0002] 

[0003] fi6#Oftx*/l^-?4 r<^m«&HS 30 

xtmifi:®. ®Mmitixmm.MzjRi)iii~$-. z 
tx. wm&ft&ffi&zti&wmmzmtt&zktz 

[ 0 0 0 4 ] ® 1 tc. VHKsiHatoHwmiiift 

to-e, m^s^a! 1 0 0 fcgg^g3 0 1 
4«?-st;n2t^-st;n2 -cm Lit 



ftS^Fl 1-520 98 

2 

BfiSWLfclMjKxriPfcJ: 0. 1 0-«.-l 0-7 
To r r<T)-$imzWdXX^h. 2»i, f» 

yb££*.6#yflfj§tia2bfc. :745*ybT'3&fc 
t^e^F^nyhD-^-rs^'j -/ h 1 2 c fcjr^rr 

6. 

[0005] JHHS2 oat. «aaa!i*i(cSi4S^!iitt 

2 0 cortS5T'&5!SStSS2 2(iffi^#H^fc I/O* 

yKrmcomk^mzx 9 . m 1 o&flft>6£H"4ai 

-fS. aHti83 0tt. &Bm«>6&£&a3 2 2:8883 

2 h k&£mm&$&t&mimmft3 4 t * 
tthhox'bz. mm32\±. wmmimoftv) 
Mzm&tmMgm 2 2 ftn^mm^titm 
x-fto. a*. m&3 2*itixwm£m : m$M t ) 
&-ti>(?>x'*>z. vmm.m otmm20kcom 

*tlS»tS^53 2Witry*-;P*^<. Vffim. 

0. u>t>. wmi^m&L^t^xoizitm^A^K 

[ 0 0 0 6 ] ± d *«x*jnf-* a mwmm 
fmsx-te. n : mcDtim.mEtf& 1 5 0 k v fbn 
< . m£*&ftc^wim.iRztihcr)x-. mun® 

JR£*S m&vMRb LX\&-9>£ 0 1 

®m<?)>\^^T)u$-vj*&mLx^h. JtJt'L. r;u 

^.T^L^^^T. 0Hi.(f. ^^¥7 - 2 0 2 9 4 

2—1. 0/xmC0f-^>"ClftSL^t<Dtffiffl3<tTV^ 
6. 

[0007] 

[HWJSfcLJdfc-f&ilS] U>U. 1ulE«FiB¥7 
- 2 0 2 9 4-S^fifc:feSW)7/P S ^^Ajg^ffitf-^ 
y^0. 2-1. 0/zm»[St^^S«. JRS+t^ 

S^fct^v*. ii^offiffl+T-t. 5glS(i. 01 

h&wt±imBi<7)tziz®miztzhz.tf>kt. mm 

[0008] 

mmmwizm&mmmmmmm-t, i><r>x-h 



(3 

3 

tati/azoaju ^xmamthfzibffMm.^ 

•tzwmmz&&x'%&zt zmkti-zwmm 
jS**«s<. mmv&otoA^mtozKt'izxm 10 

[0009] 

imiff)mmcr>mm} *micom'fmmmmzi5vz> 
&mztmt&i-?y®t. m-?>mtimthm 

5-2 O^mcDTA-S-^A^-^gS-fflVv T^S-«> 
A^?iCOHg|t^fflc^ffiS: 0 . 0 3/xmJ3Lh, «fc Off 
£U<i40. 0 5jumJail^?VTl!fc§U i^?>- 20 
coaffi^S^tO. 0 3juml2Uu i Off * KJiO . 

05 m mvj±c7)®mmx'&m-& . 

[0 0 1 0] 7^$-»>A£ifeSgti. 5~2 0/im(0© 

saw* lw mz5vm&±t-t&<Mi.. -etuaTto 
^6£t#®£S:*:tf>-ej>'K 20jjLmx owv^-fi 

<&&Jt«>T'*>S. ^^KSiHWS-W^S 
commit. 1 0—1 5jum-Ct>S. I£T. ffi8TZ& 30 
T^S^A^i LTHL ttT^S^^Am. A 1 - 
CuS> A 1 -MdI Al-Si^. A 1 -Mg^, 
Al-Mg 2 S Al -ZnmcZemti^Mt 

m?t>ti&. ai-cu^ai -Mgifrm 
[ooii] sv^m^^ii$^jt»L. ig^j 

ff$0. 0 3xtm£LbP#&L<. 
J: 9ff£ L<»i, 0. 05Amjy±TJ)S. *-*MUI 40 

iiWffl<oa®tifctf£7ttf>fc:Ji, Z.9yf-9ymrXm 

fcastwsfcttaw-* z t v-mx-h & . ^o^s® 

»i, ff$0. 0 3^m#ff*L<, «J:9ff£L<Ji0. 
0 5^mJJLhT*>l.. 

[0012]^-^ ymt mwmcry&mwmn. 
o. i~ii/m*»-ff^u\ +?>mt®mmmt<7) 

lummLX'immvim&jjizxt). riv so 



8H¥1 1-5 2 098 

4 

MM**** < . UK t WxOTJIF* L < *K f-? 
14. 0. 0 3— ljumcTH-^yJl fcO. 03— ljumO 

0. 05—0. S^mO^yJffcO. 05—0. 5ju 

(is T i N x TiC N TiCNs T i Oz v Al 

2 O3, AlTiN, A IN, CrN s Cn O3 , 9 

-f-vtyK. yj^yvyj ?ti-#>^ sio 2 . 

SiC. S i CBNRVZtlhom&toZt'Zmi 

■f&ztWX'ZZ. zcoo*>. "f-jrycoz—fjyyt 
m-7v*Mzx'Z. mmm. AJsy~Tv-T-<y>? 
&&wi5umw-y?v>7mx-iimfmmzf8. 

]£X'Z&Z.tfrt>. mtf-fV (TiN) #ff£LVV, 

[0013] ^9>mmmm<rmmi. n^mm 
m. 4*y7u-T4>ym. wyfvyrm. cv 
Dm%t'&m<oumiz£*)ftozttfX'Z. mzmzz 
ti&\ mtix. m2iz, *?m<rm&zwm-&<r> 
izmm-tt z tcox-z h^mmmms-nrnm* 

®®L#>74 2 1 . o-* V-#y74 3<r>ffih 
~>KMg®$s4 Hi, Ztlt>#y74 2. 4 31Z£ Ort 
a5Sr 1 0" 5 To r r«T<0K£fc-f Sita^S. K 

•5o«44, *n^ry— K*t : F«4 5, >-v-y^4 
6 . H*p-;W4 7 , 22|^aj • &JRP-/P4 8. * 
a5Hg^JS«th4 9*OT?fi.TV^. *^g{i, E£ 

^lXlO-'Tor rc7)r;W=f>'#HM+T'm : fM4 

s^a^b'-As 0 Zi-i?ymmh^&4 4<ry$<n 

f-^^J3B«L. «^b--Ac^Tf-^y?>lDB^%$ 
*l.t>wr*)l.. iglfcL^^fct m^b*-A4iT- 

tt;p5-^a^?ss«5 1 izmmztiz. mmmm 

*H B Hl£^ISffff4 9TU-ffl$<iSjSjSaStT^ 
S -^A^-^fSSfffflimSJ: 0 . ik&fh Z ttfX'% 
I. 

[0014] mmmt LxmM-?y*m^%%& 
\t. i-fycoz-f-j y7tm-7n-tziz£r>xfio 
zttfx-$&. *9yffl8m>x-%mtiz*mx 

1. mtf-?y*!&s&ik, znm&tymm** 
^ywifn^wmmh. zcon. mmxxmtAt:® 
ttztmnz-txYfus. -*>j>&&mmfrt>mtimm 
mzwrc. *?yfre>m.i-?yizwmtz$ztt.Lfc 
fB$B$.Lxi>£i<\ tt:. ^yvmcfrtycym 
fflfiKBttTtiv^L. ^?ytwti-?ym&.Lti 

[0015] 



(4) 



#lim 1-5 2098 



f-* VfcttJHLfc**. mtiLl-f>W\-lZT iC, TiC 
N N T i O2 „ AI2 Os. AlTiN s A1N, Cr 

cr! o 3 . y^^yv. yi^VYH?*) 

—t'y^ Si0 2 . SiC, S i N s CBN&tf<Iil£> 
<r>m&to%l:£&<mi?$ tff^i^o i Xi>^\ 
[OO16]fi»0l|K 2fcLT. %ffik LXZtlftl 

mzi2. 7vmff)j-?ym. mzi 2. lumoynv 

S-^A^g (&&CDWm : A 1 -Mgl^50 5 * 10 



-fftO. 05junu 0. l//nu 0. 2junu ljurn. 
2jum<0J?£fc«gU;i><0£fl§Vtf:. 

[0017] t&l^3~7fcfctt&f-*y<olftSli. H 

[0018] 
[fSl] 











?-*>v&12. 7^111* 


90% 


SI 




74/ = A£&$B12. 7« m l 


94* 








94* 




«£*#J4 




94* 






7tf m l +^^ VO. 2am 1 


94* 






7^->>A£-&$&12.7tfm t +?-*:/ltfra t 


94* 






7;l'S-'>'A£-&?S12.7tfm t +^*:/2tfro t 







[0019] m*>4>, tmsmz+fymfr^Ttm 
-^A^afstssets ztizx *)m?igjm&wm 20 

U «fc 9 X«l<7)^aff!lffl*nirigi:^l, i t . - 
0. O5~lAm<OWS-Ctt$LfctaS3fc0i3~6T'li. 

2/xmWT<Off$'C{iKtft* t A0 J ?»tv^t* t KHi: 30 

t , - 2 0 2 9 4*Mmzi>BM&t>i> kolz 

m^JROSvWg^TSKfrS. 2*im*>**vfc*Hi 

iti&xm7T&. i-?ymrtmmtz£*)Tfr$- 
[0020] ja±#&. r^s-->A^B^js»H»f 



T\ 12. 7 m£>g£«07/l'$ ->?A£-&?gt, *tl 
**U HJfc0!ll~3T*ttO. 05*im. HSfcfl|4~5T' 
140. ljunu HM0ll6~8TJiO. 5jum. HSfc0!l9 

~io-mi. oumvmzoi-fym'&.mzi&L. 
zuz. zn+tym. mmi. 6, 9tiio. o 
5um^mam4. io-too. ium^mmm2^ 7 

X\iO. 5/tnw m&m3. 5. 8TI11. 

±.tzm<ti-? ycwmm&ztiz . 

[002 11 &J3. 12. 7,umi7)ff$<*)7/l'$- , ?A 
^fe?SSr. 0. 0 5/iiru 0. 1 jum<0W$^fl:f-^ 
>ISTm'e f it»[SLfct>^lk«^l~2 1 Lfc. ft 
*^2. Hlfe^l-1 OXt^Jtie0«l~2cOlg?SfcO^ 

t. i^sgiif- 5 oKfia^o^cowiE. $m<m 

<?)3im$:m'<fztl0ikt:m2 iz^t. 
[0022] 
[^2] 



(5) 



1-52098 



8 



















y v 






7A>i~H£4t8il2. 7am t -4-f*yi£0. O5rzm* + 0YKff yi£0. 05 iz m T 


94% 








7*;-H'k4r$&12 7um t -fffryJS0 O t i/zm t +^ikWySO Bum 1 


94% 


to K 

mis 




mmm 


71» : "4A- A ^#3i1 9 7 » m t -4-4 L *Vffin fl*w/ m T -l- 85/k*$Vfl51 fl // m 1 
/*\-^afflral4- (mIIJ i U/iBtUi VJM Hi T LT7 'jttstl. U /* III 










7*;-H^^3Sl2. 7i/ro t +f*yJ£() Ijum^StffcffyfilD lwm 1 


94% 


*ELH — 


STL.V! 




7*5iW^fil2. 7// m l + »y*0. 1 m'+tfftW/BL 0 m 1 


94k 


«b 


*b 




m-Hfr&mi* 7 ra l +Wym 5 u m T +gfl:W]B0. 05 m 1 


94X 


*sb 


«b 


MMkM 




94* 


fcb 


ftb 




JKWfr&ttiU. ium t +frmQ.sum t +mitwm. 0* m 1 


93% 






mrnai 


7^-0A^^12. 7«n3 t +t*yMl. OamHsgfliWm 05 ii m 1 


94% 


Mb 


fst 




7iK-0J^SSl2. 7 ix m T +f f ym\. 0 ju m l +^ftW&0. 1 u m 1 


34* 




ttb 






94% 




«b 




7»S-0A*4fil2. 7 W + flftf Km. 1 urn 1 


94% 







[0023] fi!*0(2&tf JtS!S$i 1 ~2 attSttfltoP 

*«**HdlMbMB£ofc. SgjfeCTl — 1 0T*<2. 
T^S-^A^JI^fflSrJPSO. 0 5/imJiLhOf- 

* >-&<7>jps fcflMb?-? vitava (ry&mt l ± •? 

*£<&SltSS0«3. 5, 8. lOT'tt. TIPS— «>A 

-lA&mtftl ~)V \Jt*WRChl> 0 . 1 - 1 p. m 
[0024] 

[IH^tMl] ±EbJtt^^>*^Bg^*^:J:^fcr. * 
SifctiO. $B6WA>)U:<tvfcK> % KAbfc:< 



20 



= [ai] mkx^mu^tiz^immmsimm^mm 
a. 

[H2] *&9&Bm*9Bkt&9)£mmt&Zk*)T 

[?f^)ilBH] 
io vrmmM 

12 

12a 7^7^Vh 

12b tfyffim 

12c ^'J«/K 



30 



14 
20 
22 
30 
34 

4 1 
42 
43 
44 
45 
46 
47 
48 
49 
50 

5 1 



HNS 



(6) 



1-52098 



[an 



14 imi** 




34«*M# 



[02] 




48*tti-#fc 



7^ 



in 



II 



H 



<72)Wfl# ?§» ^ 



fc&®&mm&.mmftwm a 6 #22^ 



